suspensionwerepipettedon2cmx2cmcleansterilestainlesssteelcoupons
(AISI304,2B,NorskStål AS, Nesbru, Norway) prior to drying for 1 h at room temperature under a safety hood. Once dried, coupons were placed in sealed boxes containing an open petri dish with 10 mL of a saturated salt solution for relative humidity (RH) adjustments. Based on automatic recording of temperature and RH data obtained in a previous study (Habimana et al., 2010) , temperature and RH conditions were selected. Dry (35% RH) and humid (85% RH) conditions were selected by using saturated potassium acetate and saturated potassium chloride salt solutions respectively, as previously described (Kim et al., 2008) . Sealed boxes adjusted to 35% RH were placed in a 30 °C incubator, while boxes with 85% RH were placed in a 12°C incubator.
For monitoring the induction of non-culturable Salm.Agona cells on coupons, sampling was performed after 1, 3, 9, 18 and 21 days incubation at dry and humid environmental conditions. Additional sampling after a long desiccation period of 30 days incubation at 35% and 85% RH was performed for Salm. Agona and Salm.
Typhimurium. Sampling consisted of placing individual coupons with desiccated cells in respective glass tubes each containing of 5 ml saline water (150 mM NaCl).
Desiccated cells were then resuspended by shaking using a vortex mixer. The resuspended dried cells were then used for determining the activity of non-culturable Salmonella through the use fluorescent probes and epi-fluorescence microscopy. All desiccation experiments were conducted in triplicates.
Assessment of activity of nonculturable Salmonella
Esterase activity and membrane function. The fluorescent dye compound, carboxyfluorescein diacetate (cFDA) is a nonfluorescent precursor able to diffuse across cell membranes. In the presence of unspecified esterases, cFDA is hydrolyzed into a membrane-impermeate fluorescent compound carboxyfluorescein(cF).
Briefly,1mLindividualsampleswerecentrifugedat3000gfor10min.After removingsupernatant,cellpelletswerere-suspendedin990μLsalinewaterand 10μLcFDA(10mM)wasaddedandmixedbeforecoveringtubeswithaluminum foil. The tubes were then incubated at 37 °C for at least 30 min before microscopy analysis.
In addition to evaluating cell metabolic activity, membrane efflux pump functionality can also be evaluated upon glucose addition resulting in the extrusion of cF, mediated by an ATP-driven transport system (Sunny-Roberts and Knorr, 2008, Zhao et al., 2011) . This was performed by adding glucose to samples following cFDA assay to a final concentration of 2 % followed by incubation at 30 °C for 4 h before microscopy analysis.
Respiratory activity. The redox dye 5-cyano-2,3-ditolyl tetrazolium chloride (CTC) (Polysciences,Inc., Warrington, PA, USA) was employed for the determination of respiratory activity in samples. Upon respiration, CTC is hydrolyzed and converted into an impermeate fluorescent product, an insoluble crystal that accumulates inside intact cells. Briefly, 1 mL sample was centrifuged at 10000 g for 7 min at 4 °C.After removingthesupernatant,100μLofa5mMCTCsolution,100μLofa1:5 dilutionofTSBand800μLsteriledeionizedwaterweremixedwithbacterial cellsbeforeincubationat30°C for 4 h with gentle stirring.
Epifluorescence microscopy. Total cell counts and cell viability in each sample were evaluated by epifluorescence microscopy (Leica DMLB microscope) through a dry X40 objective. Samples were observed using interference phase contrast as well as multiband filter set. The enumeration of total and fluorescent cells in each sample was performed using Bürker Turk (VWR, Oslo, Norway) cell counter, following manufacturer's instructions. At least ten fields were counted for each dye treatment (n ≥10). Counting experiments were conducted in three independent repetitions.
Resuscitation assays of non-culturable Salmonella cells
Attempts for reviving non-culturable Salmonella cells back into a culturable state were performed using different previously described methods. In all methods used, desiccated non-culturable cells were re-suspended in sterile peptone water prior to resuscitation assays. Revival through temperature upshifts was attempted as described (Gupte et al., 2003) , in which non-culturable cells were subjected to 80 °C for 15 s using a water bath. The method involving the use of heat stable enterobacterial autoinducers as described by Reissbrodt et al (2002) (Reissbrodt et al., 2002) , was also employed in this study.
The ability of Salmonella autoinducer-2 to revive non-culturable Salmonella cells was also investigated by re-suspending non-culturable Salmonella cells in pre-prepared cell-free supernatant, obtained following Salmonella overnight growth (Jesudhasan et al., 2010) . This was followed by incubation at 30 °C for 48 h in microwell plates placed in a Bioscreen C (Labsystems, Helsinki, Finland) reader. Optical density measurements were automatically performed every 30 min at 600 nm wavelength.
Control wells consisted of either only re-suspended non-culturable cells in peptone water or wells with only cell-free supernatant.
Resuscitation was also attempted by plating re-suspended non-culturable cells onto sterile TSA plates, which were incubated anaerobically at 30 °C (Reissbrodt et al., 2002) .
In-situ scanning electron microscopy of Salmonella Agona desiccated cells on steel coupons
For scanning electron microscopy (SEM), steel coupons featuring two-month old Salm. Agona desiccated cells incubated at 35 % RH or 85 % RH, as well as 1 h desiccated cells at room temperature were chemically fixated and dehydrated in 6-well plates wells (NUNC). Cells were fixated for 4 h in a solution containing 2.5 % glutaraldehyde, 0.1 M sodium cacodylate (NaCac). After three washes in 0.1 M NaCac buffer, the cells were dehydrated in ethanol and placed in 50 % and then 100 % hexamethyl disilizane (HMDS). The samples were subsequently air dried and coated with palladium for 210 s at 800 V and 10 mA. All the chemicals were obtained from Sigma Aldrich Norway AS. High magnification imaging of the desiccated cells on steel coupons was performed under a Zeiss EVO 50 EP scanning electron microscope (Carl Zeiss SMT Ltd., Cambridge, England).
Cells for in vivo virulence assay
Non-culturable cells used for virulence testing were harvested as follows.
Twelve tubes containing 20 mL overnight Salm. Typhimurium ATCC 14028 cultures in TSB were concentrated by centrifugation at 1200 g for 10 min, followed by a resuspension of cells in 5 mL fresh TSB. Concentrated bacterial suspensions in each tube were then pooled together making a 60 mL bacterialsuspension.Inall,60 dropletsof20μLconcentratedbacterialsuspensionwerepipettedon15clean 20cmx15cmsterilestainlesssteelcouponspriortodryingfor1hatroom temperatureunderasafetyhood.Individualcouponswerethenplacedin individual sealed boxes containing two petri dishes each filled with 10 mL of a saturated salt solution of potassium chloride, and incubated at 12 °C. After 5 weeks, the sealed boxes were removed from the incubator and opened in a biohazard hood.
Cells were sampled by placing individual stainless steel coupons in stomacher bags, in which 45 mL saline water was added. Mixing was set for 1 min at high speed with Smasher® laboratory blender (AES, Chemunex, Paris, France). The 40 mL blended suspension was then pipetted into a sterile tube, which was eventually placed on ice.
This procedure was performed for all 15 steel coupons. The bacterial suspensions were subsequently pooled together and centrifuged at 1200 g, followed by a resuspension of cells in 350 μLsalinewater.Thisfinalbacterialsuspensionwas aliquotedinto3dosesof100μLinindividualsterileEppendorftubes(Fisher scientific,Oslo,Norway).
In vivo infection experiments
The in vivo experiment in mice was approved by the Norwegian Animal
Research Authority and performed according to their guidelines. In all, 30 female inbred BALB/c mice (Charles River Laboratories, Research Models and Services, Germany) aged 8-10 weeks were included. The mice were maintained in a 12 h light/dark cycle under temperature-controlled conditions and received water and food ad libitum. After an acclimation period of ten days, groups of mice were infected by oral gavage (100 µl) with non-culturable Salm. Typhimurium (group A), culturable Salm. Typhimurium (groups B-E) or 0.9% NaCl (controls). Infection doses and group sizes are shown in Table 1 . Following infection, the groups were kept in separate cages. They were monitored for their general health two to three times a day for up to 14 days and sacrificed by cervical dislocation if they met any early removal criteria (lethargy, hunched posture, and ruffled coat). Mice which did not display any clinical symptoms were sacrificed at the end of the experiment, except for three mice from the groups D and E which were sacrificed at day seven to see if a temporary, sub-clinical infection might be present in animals given low doses of culturable bacteria. During necropsy, blood was sampled from the jugular vein with a swab and plated directly onto blood agar. Potential Salm. Typhimurium colonies on the blood agar plates were further plated onto Bromthymol-blue Lactose Sucrose Agar (40g/l Heart Infusion Agar (Difco, BD, Franklin Lakes, NJ, USA) added 60ml Lactose/saccharose solution (13.3g Lactose, 13.3g Saccharose, 1.3g Sodium thiosulphate x5H2O, 53.3ml 0.2%Bromthymolblue in 2.5M NaOH, 6.7 ml 0.1% Crystal Violet) and incubated at 37 °C for 21 ±3 h for identification. The spleen, liver and the whole intestinal tract were examined according to ISO standard for detection of Salmonella spp. (Anonymous, 2002 , Anonymous, 2007 . In short, the tissue samples were aseptically removed, placed in 10 ml buffered peptone water and incubated at 37 °C for 18 ± 2 h, followed by plating on to Modified Semi-Solid Rappaport Vassiliadis (Merck KGaA,
